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Abstract 
Iterations are an inherent phenomenon in product development processes (PDPs), especially in its fuzzy front end (FFE), and a crucial concept 
in coached ideation workshops. Small- and Medium-sized Enterprises (SMEs) perceive such workshops as promising means for developing new 
products and enhancing their innovation capability. This raises the research questions of (1) “how to measure the performance of PDPs in its 
FFE?” and (2) “Which role do iterations play for the performance measurement of PDPs in its FFE?” Based on expert-interviews after each 
iteration in 14 workshops, we compare the approaches of (1) statement coding and (2) direct ratings according to a reflection guideline. By 
correlating the data with the workshop outcome, we identify the guideline as powerful means for quantifying the PDP performance in its FFE.  
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1. Introduction  
Product development processes (PDPs) are a crucial part 
within innovation management, and thus, challenges within 
PDPs can have a negative effect on the innovation capability of 
companies. While iterations are an inherent phenomenon in 
PDPs, they occur extremely often during the early phases of 
PDPs which are characterized by uncertainty, so that they are 
called the fuzzy front end (FFE). However, already in the early 
phases of PDPs, important decisions have to be taken regarding 
the forthcoming product properties and characteristics. Cooper 
[1] states, that the stage-gate approach is a common standard to 
develop products. However, if at later stages/gates of the PDP 
turns out that these early decisions were mistaken, so called 
cross-gate iterations occur. While large companies with sound 
financial capacity may increase their PDP resources after cross-
gate iterations, for small and medium-sized enterprises (SMEs) 
which lack resources, the consequences of such iterations can 
be existence-threatening. Moreover, product-life-cycles are 
continuously shortening, and the time-to-market for new 
products is shortening as well [2]. Thus, these SMEs need 
means to ensure that they are ‘on the right track’ – i.e. 
performing well – during the FFE of PDPs. Algere et al [3] 
identified two key dimensions of product innovation 
performance: efficacy and efficiency.  
Besides a broad body of literature about the boon and bane 
of iterations in PDPs, there is literature regarding performance 
measurement and management in general, as well as more 
specifically to performance measurement in PDPs. However, 
means regarding the performance measurement of PDPs in 
their FFE are still lacking. Thus, our research questions are:   
(1) How to measure the performance of PDPs in its FFE?, and       
(2) Which role do iterations play for the performance measure-
ment of PDPs in its FFE? By addressing these questions, we 
aim at identifying adequate performance measures in the FFE 
of PDPs, and to develop means for the performance evaluation 
of iterations, which are also applicable for practitioners in 
SMEs. The scope of our study is on the FFE of PDPs of SMEs 
which we observe and analyze in ideation workshops. Thus, we 
chose an ideation space as research environment.   
The remainder of the paper is structured in five sections. The 
next section reviews literature on performance measurements 
in SMEs, their challenges in PDPs, especially with iterations, 
and performance measurements related to PDPs. Section 3 
describes the research design, while Section 4 presents the 
results. In Section 5 we discuss these results and draw our 
conclusions in Section 6.   
© 2016 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
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2. Background and related literature  
We review literature about performance measurement and 
PDPs of SMEs, regarding iterations and performance measure-
ment in these PDPs, and highlight the performance model E2.  
2.1. Performance measurement in SMEs 
Sharam et al [4] state that companies acknowledge the 
necessity to monitor and understand firm performance, 
especially in a continuously changing environment. Thus, 
measurement has been recognized as an important element for 
the improvement of business performance. A performance 
measurement system (PMS) is a system that enables support of 
decision-making processes by gathering and analyzing 
information [5]. Taticchi et al [6] revealed with their literature 
review a certain maturity of knowledge regarding large 
companies and a significant lack regarding SMEs [7].  
However, Terziovski [8] researched innovation practices 
and their performance implications in SMEs, and find that 
SMEs’ performance is likely to improve if they mirror large 
companies with respect to formal strategy and structure, and if 
they recognize that strategy and innovation culture are closely 
aligned throughout the innovation process. Sousa & Aspinwall 
[9] state that a PMS has to contribute to and should be 
integrated with other management objectives. Furthermore, the 
benefits of applying such a systems should justify its cost. Ates 
et al [10] found that SMEs seem to be more focused on internal 
and short-term planning, and neglect long-term planning. Their 
main challenges for applying PMS effectively lies in an 
appropriate and balanced use of strategic and operational 
practices and measures.   
Regarding available models and tools, Bahri et al [11] 
present for instance the “Economic Value Added” for SME 
performance management that should be used in conjunction 
with a list of business practices that have an impact on the 
company’s results. Cocca & Alberti [12] establish a framework 
to assess PMSs in SMEs. Their tool proposes codified best 
practices and makes them accessible for SMEs in an easy way.  
2.2. Challenges in PDPs of SMEs  
A recent study [13] elucidated 30 challenges in PDPs of 
SMEs, aggregated in the themes of iteration, decision making, 
and stakeholder involvement. In their sample, about 70% of the 
SMEs applied the stage gate process. Dealing with uncertainty, 
as well as the application of KPIs (due to a lack of performance 
measures) is challenging for the SMEs, even though they are 
striving for continuous improvements. Moreover, process 
setbacks and change propagation (e.g. due to cross gate 
iterations) are challenging for them.  
Also Millward & Lewis [14] did research about barriers to 
successful new product development (NPD) within SMEs, and 
identified three managerial issues that influence NPD: (1) a 
dominant manager/owner, (2) a focus on time and costs rather 
a broader scope with additional key factors, and (3) a failure of 
understanding the importance of product design.  
2.3. Boon and bane of iterations in PDPs  
Ballard [15] and Le et al [16] describe positive as well as 
negative iterations in design, whereas design can be seen as the 
processing of knowledge [17]. According to Unger & Eppinger 
[18], “PDPs manage risk partially through iterations, which are 
controlled, feedback-based redesigns.” While minor changes of 
product parts may lead to small iterations, large iterations can 
occur if external influences lead to changes of the overall 
design. In this context, Meboldt et al [19] and Unger&Eppinger 
[18] distinguish in-stage and cross-gate iterations. Especially 
the latter ones cause problems in reference to a previously 
announced market launch. This reflects a management 
perspective on iterations. However, there is also an engineering 
design perspective on iterations [20]. Iterations can also be 
perceived as learning cycles with the opportunity to improve 
the product’s quality. Thus, knowledge increases while going 
through iterations. For instance, Wynn [21] identifies rework, 
exploration, convergence, negotiation, repetition, and refine-
ment as different but non-orthogonal perspectives on iteration. 
In this context, early prototyping and testing seem promising 
approaches to discover the so-called ‘unknown unknowns’ 
[22,23] as early as possible, in order to avoid costly pitfalls. 
To summarize “Iteration is often recognized as a major 
source of increased PD lead-time and cost, a key driver of 
schedule risk, ad a source of major uncertainties in the 
commitment of resources. However, iteration, when planned 
and managed effectively, can overcome the uncertainties 
inherent in interdependent development activities and thus, 
improve and accelerate PD projects” [2]. Thus, iterations might 
be useful to measure PDP performance.  
2.4. Performance measurement related to PDPs 
Lazzarotti et al [24] state, R&D activities are increasingly 
risky and costly, and thus, to measure performance becomes 
critical. They identify several perspectives of performance e.g. 
financial, customer, innovation & learning, internal business, 
and alliances & networks. Moreover, they acknowledge that 
measurement of R&D performance is challenging, as levels of 
effort are not easily observable and success is uncertain due to 
uncontrollable influences. Moreover, the definition ‘R&D 
performance’ is usually loose and context dependent. Also 
Neely et al [25] found that PMSs is a topic which is often 
discussed but rarely defined.  
However, Moultrie et al [26,27] describe a tool to evaluate 
design performance in SMEs. Their ‘Design Audit Tool’ 
captures good design, is based on process maturity principles, 
and targets explicitly design related activities in NPDs of 
SMEs. The tool enables a design team to evaluate their design 
process with a view to targeting improvements. It comprises a 
‘process audit’ to identify improvement opportunities in the 
process, and a ‘product audit’ enabling perception of product 
characteristics to be assessed. “By first focusing on the tangible 
output of the design process – the product – practitioners are 
better able to understand the way in which design decisions 
influence product usability, desirability and producibility”[26].   
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In more detail, the ‘process audit’ classifies performance 
with five ingredients on four maturity levels: benefits perceived 
in the activity, people involved, timing, the degree to which the 
activity is formalized and the level of expertise. The process 
audit is designed for an application in workshops, taking half a 
day, with representatives from various functions. They are 
asked to score current performance and to identify oppor-
tunities for improvement. The workshop finishes with a 
capturing and prioritization of actions.  
2.5. Performance model ‘E2’  
The basic assumption of the E2-model by O’Donnel & 
Duffy [28] is that design activities use resources to transform 
an input into an output under the directions of goals and 
constraints. Furthermore, “efficiency is related to input, output 
and resources, while effectiveness is determined by the 
relationship between output and goals(s)” [28]. They define: 
The efficiency of an activity is seen as the relationship (often 
expressed as a ratio) between what has been gained and the 
level of resources used. Furthermore, they state that efficiency 
of an activity exists irrespective of whether it is measured or 
not, i.e. it is an inherent property of the activity. As activities 
are usually carried out to achieve a goal, they have a desired 
outcome. However, the output may not always meet the goal. 
Thus, the degree to which the result (output) meets the goal 
may be described as the activity effectiveness [28]. Figure 1 
depicts both definitions.  
Figure. 1. Definitions of effectiveness (left) and efficiency (right), cf. [28]  
3. Research Design  
Based on the E2-model and with respect to our first research 
question, we propose an iteratively developed ‘PDP 
performance reflection guideline’ (cf. Table 1) for the 
evaluation of the PDP performance. It is designed to be applied 
after each iteration of the PDP, which might – especially in the 
FFE – be provoked [20].  
Table 1. PDP performance reflection guideline.  
Dimension Question to reflect on  
Input  What was input and starting point of this iteration? 
Activity What did the participants actually do, and how would you 
characterize that?  
Output What is the concrete output of the iteration, and is there 
something unexpected about it?  
Performance 
rating 
Based on your former answers: How do you evaluate the 
performance of the iteration? Effectiveness: -3 (total off 
target) to +3 (overmatch target, further useful insights); 
Efficiency: -3 (time wasted) to +3 (very fast).   
Goal What is the goal for the next iteration?  
To address our research questions and to challenge the 
‘performance reflection guideline’, we compare its application 
with a traditional statement coding of expert interviews, in 
which experts evaluate the performance of PDPs.  
3.1. Research setting 
As it is difficult to compare different PDPs and especially 
their FFE at different sites (and to get the expert on site in time), 
we co-located all PDP-beginnings at one central site: our 
research platform and ideation space at Castle Thun in 
Switzerland [29]. This provides us the opportunity to test the 
applicability and validity of the ‘performance reflection 
guideline’ in a controlled environment.   
The SMEs’ motivation for participating in the ideation 
workshops is to work on their major challenges (‘workshop 
topic’), guided by a moderator (an innovation expert) [29]. So 
far, prior participating SMEs perceived such workshops as 
promising means for developing new products, as well as an 
opportunity for enhancing their innovation capability [30].  
The ideation workshops followed the workshop concept 
described by [29], comprising the phases of (1) identifying the 
‘right’ questions, (2) identifying promising solutions/answers, 
and (3) getting things done. Each of the three phases consists 
of several (provoked) iterations, in which the participants work 
in small teams (3-6 participants) on specific tasks, and then 
present each other (the other teams) their results, followed by a 
feedback session and mostly an evolving discussion.  
3.2. Data sources  
For the workshop outcome (dependent variable), we apply a 
questionnaire, comprising 30 items regarding several aspects of 
workshops such as the overall performance, working atmos-
phere and personal satisfaction, transferability to the company, 
moderation, space, accommodation and catering, etc. We apply 
four items to measure the overall performance, cf. Table 2.  
Table 2. Performance evaluation from the workshop participants’ perspective.  
Dimension Items on Likert scale (1 ‘total disagree’ - 6 ‘totally agree’)  
Process    The workshop duration was reasonable.   
Results The workshop goals were clear and plausible.                
The workshop methodology fits its goals.                       
You could develop concrete solutions for your challenges. 
 
For the iteration evaluation (independent variable), we 
conduct structured expert-interviews with the moderators 
directly after each iteration throughout the workshops. During 
the series in spring 2015, we applied for each interview the 
‘baseline’ protocol (cf. Table 3), and during the autumn series, 
we applied the reflection guideline (cf. Table 1).  
Table 3. Baseline: Questions for the expert interviews (statement coding).  
Dimension Question to reflect on  
Process    How is the process evolving?   
Results How useful are the (interim-) results? 
17 Johannes Heck et al. /  Procedia CIRP  50 ( 2016 )  14 – 19 
 
3.3. Data sample and collection 
We conducted 14 workshops, each of which lasted 2.5 days, 
and which comprised 12-19 iterations (‘#I’; mean 15.2). The 
participants got a link to the questionnaire a week after 
participation. We collected 121 responses.  
The interviews were preceded by establishing informed 
consent, and the experts permitted video recordings to be made. 
The interviews were conducted during the workshop progress 
after each iteration, while the participants were working on 
their tasks. The seven workshops in spring applied the baseline 
protocol (Table 3), while the seven workshops in autumn 
applied the reflection guideline (Table 1). We conducted 175 
interviews (it occurred that they had to evaluate two iterations 
in one interview if they were busy during the preceding 
iteration). Before collecting the data, we conducted with all 
moderators a pre-test of the protocols, and developed the 
questions iteratively further.  
3.4. Data analysis  
The interviews of the spring series were transcribed, and 
analyzed by two independent coders. During the analysis, 
emphasis was placed on identifying important statements 
which allowed a meaningful scoring regarding ‘Result’ and 
‘process’ on a Likert-scale from 0 (no progress) to 3 (vast 
progress). Although the analysis was conducted on the 
transcripts, the translated quotations provided in Table 4 are 
edited for the ease of comprehension. The numbers for all 
evaluated iterations of each workshop are summarized in the 
means ‘R’ for ‘Result’ and ‘p’ for ‘process’, which go equally 
weighted in the overall performance vector Rp.  
 
Table 4. Examples for the coded statements and their corresponding scores.  
Dimension Score Representative coded statement  
Process    
 
0 We might have worked with other methodological 
approaches, I’m not satisfied (an10)  
 1 The teams did, what they already could really 
good – they stayed in their comfort zone (du4) 
 2 Everybody discovered something new (sc6) 
 3 It’s amazing what’s going on, they are completely 
in a fever… working with the prototypes (do7)  
Result 0 What they achieved was obvious to most of them, 
so they cannot see an added value (sp2) 
 1 Now, they have 4 directions for further working… 
but it is still not so graspable for them (ag4) 
 2 Presented the personas authentically from the 
personas’ point of view, that’s astounding (kw2) 
 3 That worked extremely well, I’m really impressed 
by the ideas’ quality… perfect (do6) 
 
The interviews of the autumn series provide the numbers 
regarding ‘Effectiveness’ and ‘efficiency’ on a scale from -3 to 
+3 for each evaluated iteration. Corresponding to Rp, the 
overall vector Ee equally weights for each workshop the means 
of all iterations regarding Effectiveness ‘E’ and efficiency ‘e’.  
The means of the participants’ workshop evaluation is 
summarized in the weighted vector Yw which equally weights 
the dimensions ‘Process’ (i.e. efficiency; item 1) and ‘Result’ 
(i.e. Effectiveness; items 2-4) for each workshop.  
4. Results  
First, we show in more detail how the iteration performance 
can be depicted with the reflection guideline. Second, we point 
out the relationship between the participants’ evaluation (Yw) 
and both, the moderators’ coded statements (Rp) as well as 
their direct evaluation (Ee). Third, we find answers regarding 
which role iterations play in the performance measurement of 
PDPs in their FFE (cf. RQ2).   
4.1. Performance description of iterations 
Based on the E2-model with its distinct dimensions of 
Effectiveness and efficiency, we plot all iteration evaluations 
of a workshop in a diagram, resulting in the ‘evaluation cloud’ 
(cf. Figure 2, on the left). The more a data point (i.e. an iteration 
evaluation) is in the upper right corner of the diagram, the more 
effective and efficient was the iteration, i.e. the higher was the 
performance of the iteration.  
As the workshop progress is a sequence of iterations, the 
output of an iteration is merely the input for the next iteration. 
Thus, if we interpret the data points of the evaluation cloud as 
vectors and link them, we get the corresponding ‘performance 
path’ for each workshop (cf. Figure 2, on the right). The end 
points of these ‘performance paths’ correspond to the overall 
moderators’ iteration evaluations regarding Effectiveness ‘E’ 
and efficiency ‘e’.  
Figure 2. Exemplarily three workshop evaluations from the autumn series 
with the ‘evaluation clouds’ (left; there might be several iterations with the 
same evaluations) and corresponding ‘performance paths’ (right).  
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4.2. Relationship of overall workshop performance measures 
First, we check whether the overall workshop performance 
measures Yw&Pr (spring) and Yw&Ee (autumn) have 
normally distributed data with the Kolmogorov-Smirnov test. 
Yw (spring), D(7)=0.28, p<0.5, and Rp, D(7)=0.26, p<0.5, can 
be both assumed to be distributed normally. Moreover, Yw 
(autumn), D(7)=0.16, p<0.5, and Ee, D(7)=0.26, p<0.5, can 
both assumed to be distributed normally. Second, we check for 
homogeneity of variance with Levene’s test. For Yw, the 
variances were equal for spring and autumn, F(1,12)=1.14, ns, 
so homogeneity of variance can be assumed.  
In the Pearson correlation (cf. Table 5), we find a significant 
relationship between the participants’ performance evaluation 
Yw and the coded moderators’ statements Rp, r=.77, p<.05. 
Furthermore, also the relationship between Yw and the 
moderators’ evaluation Ee is significant, r=.87, p<.05. The 
relationship between Rp and Ee cannot be computed, as Rp- 
workshops took place in spring, Ee-workshops in autumn.  
Table 5. Correlations of Yw, Rp, Ee, & #I; (* significant at p<.05; 2-tailed).  
 Yw Rp Ee #I 
Yw 1    
Rp   .77* 1   
Ee   .87* ----- 1  
#I   .29   .56   .63 1 
Figure 3. Regression of participants’ evaluation with the moderators’ 
statements coded (left) and the moderators’ evaluation (right). 
Finally, we compute the regressions. For the spring series, a 
simple linear regression was calculated to predict Yw based on 
Rp. A significant regression equation was found (F(1,5)=7.122, 
p<.05), with an R2 of .588. The participants’ predicted 
workshop performance Yw is 4.506+0.303 units of the coded 
moderator’s statements (cf. Figure 3, left). For the autumn 
session, a simple linear regression was calculated to predict Yw 
based on Ee. A significant regression equation was found 
(F(1,5)=15.643, p<.05), with an R2 of .758. The participants’ 
predicted workshop performance Yw is 5.059+0.347 units of 
the moderators’ evaluation (cf. Figure 3, right).  
4.3. Iterations and performance measurement   
With the correlation calculations (cf. Table 5), we find a 
medium correlation (r=.29) between Yw and the iterations 
count (#I). Moreover, there are strong correlations (r=.56; 
r=.63) between #I and the moderators’ evaluation Rp and Ee. 
However, none of these correlations are significant at p<.05.  
5. Discussion   
We discuss the application of the guideline, compare its 
applicability with other tools, and relate it to the SMEs’ needs. 
Next, we discuss our research approach with the ideation space.  
5.1. Application of the reflection guideline   
While “measuring knowledge change is a non-trivial task” 
[31 in 28], applying the PDP reflection guideline requires and 
supports to produce explicit knowledge. In the observed 
ideation workshops, the moderators could base their iteration 
evaluations on the participants’ presentations after each 
working session of the iterations. And while the participants 
accumulated their gut feeling regarding the progress of the 
workshop, the moderators put their in-situ and iteration-based 
performance measurement in facts and figures. This would 
explain the strong relationship between the participants’ and 
moderators’ evaluations, made visible with help of the 
‘performance paths’ and the linear regression. 
Compared to other models and tools for the performance 
measurement of PDPs, such as by [24], we did not identify 
several perspectives of performance but rather focus on an 
activity-based learning (i.e. knowledge gaining) perspective. 
While [24] state that different levels of effort are not easily 
observable, the reflection guideline was easily applicable, 
based on the participants’ presentations in the ideation 
workshops. Moreover, we based the reflection guideline on the 
clearly defined performance dimensions of effectiveness and 
efficiency [28]. Compared to the Design Audit Tool by [26], 
we do not explicitly focus on design related activities but rather 
on all necessary activities in the FFE of PDPs. Moreover, it was 
not the teams that evaluated the design process but rather the 
moderators who guided the workshops. While [26] classify 
performance with five ingredients on four maturity levels, the 
reflection guideline is only based on two dimensions and 
applies to both, the reflections and 7point-Likert scales. 
Application wise, we do not need representatives from various 
function for a half-a-day audit but rather apply it in a series of 
interviews with single experts during 2.5-days lasting 
workshops while working on major challenges of the SMEs.   
With going back to the challenges in PDPs of SMEs (cf. 
section 2.2), these advantages and limitations can be put in 
context. Regarding Millward & Lewis [14] barriers to 
successful NPD, the focus on time and costs (i.e. a resource 
perspective) might shift with the application of the reflection 
guideline to a broader scope of what could be gained with this 
resource consumption, and how well it fits to the initial goals. 
As the application of KPIs is challenging for SMEs [13], the 
application of the reflection guideline might be a first step of 
continuous process control and improvement for SMEs. 
However, more research is needed to validate this reflection.  
5.2. Research in ideation spaces  
With choosing an ideation space as research platform, we 
were able to gather data from a broad basis of SMEs, working 
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on their major challenges, in the FFE of PDPs. Furthermore, 
we could triangulate our data from expert ratings, traditional 
statement coding of expert interviews, and participants’ 
questionnaire answers. However, so far only the experts 
applied the reflection guideline, but further research can first 
investigate its application in the field, second apply it with the 
participants in the ideations workshops, and third will use its 
application also for investigating other aspects of the PDP in 
the FFE, such as different characteristics of iterations.  
Additionally, and in respect to our second research question, 
we could highlight the role of iterations in the performance 
measurement of PDPs, and also find a medium/strong 
correlation of the amount of iterations (#I) and the workshop 
performance (Yw / Rp&Ee).  
6. Conclusion  
This research identifies the SMEs’ need to evaluate their 
PDP performance in the FFE, and reveals that such means do 
not exist in literature so far. By comparing two approaches of 
process performance evaluation, and a triangulation with a 
questionnaire-survey, we identify the PDP reflection guideline 
as a powerful means for quantifying the PDP performance in 
its FFE, and moreover, reveal medium/strong correlations 
between #iterations in the FFE of PDPs and its performance.  
Thus, we contribute to the literature of performance 
measurement in the context of PDPs, specifically tailored to 
SMEs’ needs, and provide practitioners a comprehensible 
guideline for the evaluation of their PDP performance.   
So far, our study is limited to a sample of fourteen 2.5-days 
lasting ideation workshops in the controlled environment of an 
ideation space, in which SMEs worked on their major 
innovation challenges. However, further research might 
investigate the applicability of the reflection guideline over a 
longer period of time, in the SMEs’ development environment, 
and by the practitioners themselves. 
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